Microcanonical ensemble theory of bosons is derived from quantum mechanics by making use of a hidden gauge structure. The relative phase interaction associated with this gauge structure, described by the Pegg-Barnett formalism, is shown to lead to perfect decoherence in the thermodynamic limit and the principle of equal a priori probability, simultaneously.
Quantum theoretical justification of statistical mechanics is a problem of fundamental interest [1, 2] . There seem to remain several important questions yet to be answered. First of all, (i) perfect decoherence has to be realized at the level of microcanonical ensemble theory, in which there is no notion of the heat bath. (ii) The principle of equal a priori probability should be established based on quantum dynamics.
In addition, (iii) what is the quantum analog of classical ergodicity that may allow statistical description of a system? Consider the classical ideal gas, for example. The particles of the gas actually interact with each other in a complex manner. This interaction is responsible for validitiy of ergodicity but is ignored if once shifted to statistical description. Then, (iv) what is the physical property of such an interaction in quantum theory?
In this paper, we study quantum mechanical derivation of the microcanonical ensemble theory of bosons by answering to all the above questions (i)-(iv) simultaneously. Our discussion is based crucially on the hidden gauge structure in the system. This structure is made manifest within the framework of the Pegg-Barnett unitary-phase-operator formalism. We heuristically construct the interaction Hamiltonian of a particular form, in which all relevant complex interactions needed for statistical description are assumed to be effectively summarized. Then, we show that the eigenstate of the total Hamiltonian satisfies the principle of equal a priori probability and, at the same time, perfect decoherence is realized in the thermodynamic limit with 
where n i i n
is the truncated Fock basis satisfying a a n n n
forms an orthonormal complete system in the
s is supposed to be large, but the limit s → ∞ has to be taken after all quantum mechanical calculations. The unitary phase operator is given by
It is worth recalling that the phase operator is an anomalous object and quantumclassical correspondence between the action and angle variables is violated, in general [4] .
Applying the operator in Eq. (4) on n i i , we have
It is of importance to notice that the relations in Eq. (5) remain form invariant under the following transformation:
where α θ
. This can be seen as a kind of gauge transformation, and the role of a gauge field is played by φ i .
Taking into account this hidden gauge structure, we here present the following heuristically-constructed interaction Hamiltonian:
where g is a coupling constant. In Eq. (9), we have used the notational abbreviation Since our purpose is to derive statistical mechanics of the system with H 0 and without H I containing anomalous objects, we here impose the condition that H I should vanish in the thermodynamic limit, N → ∞. It turns out that this condition is fulfilled if the coupling constant is assumed to decay faster than 1 2 / N . Thus, we put
where g 0 is a constant independent of N .
For a finite value of N , the normalized eigenstate of the total Hamiltonian,
, is found to be given by
whose energy eigenvalue is given by
The symbol, P , stands for permutation and therefore the summation in Eq. (11) is understood to be taken over all possible combination of { } ( , , , ) n n n n N ≡ ⋅⋅⋅ 1 2 . For the sake of nontriviality, the dimensionality, s , should be taken to be larger than M .
The space of the quantum states is enlarged by the introduction of the phase variables. The state in Eq. (11) residing in such a space is found to satisfy the following normalization condition:
Now, let A be a normal physical observable, which is independent of the phase operators with anomaly. Then, taking Eq. (15) into account, its quantum mechanical average, < > A , with respect to the state in Eq. (11) converges in the thermodynamic limit as well as the Pegg-Barnett limiting procedure, s → ∞ , as follows:
where ρ mc is given by
This is precisely the microcanonical density matrix of the bosons with the fixed energy, The total state is written as
,
where the states of the objective system and the heat bath are respectively given by 
provided that the Boltzmann constant has been set equal to unity.
In conclusion, we have presented a model of the bosons with a hidden gauge structure, which may explain, in the thermodynamic limit, realization of perfect decoherence and the principle of equal a priori probability in the microcanonical ensemble theory.
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